Variables Associated With Handwriting
The performance components that relate to handwriting skill have been well researched. One consistent finding is the importance of visual-motor integration to handwriting legibility (Cornhill & Case-Smith, 1996; Tseng & Murray, 1994) . Tseng and Murray (1994) reported that the 143 children in their sample with poor (i.e., illegible) handwriting had low scores on perceptual-motor measures. In addition, the children scored lower on fine motor measures than children with good handwriting. Cornhill and Case-Smith (1996) found similar results: Both visual-motor and inhand manipulation skills correlated highly with handwriting skill in second-grade students. Weil and Amundson's (1994) study of kindergarten students demonstrated strong relationships between visual-motor skills and handwriting. Berninger and Rutberg (1992) examined additional variables and found that a fine motor task (sequentially touching the thumb to the tip of each finger) had the strongest correlation with handwriting.
Intervention for Handwriting Problems
The occupational therapy literature is replete with theories, principles, and strategies to promote handwriting and manipulation in school-age children (Amundson, 2001; Benbow, Hanft, & Marsh, 1992; Chu, 1997) . Benbow (1990 Benbow ( , 1995 proposed a biomechanical or "kinesthetic" approach to handwriting remediation. She hypothesized that handwriting is primarily a kinesthetic skill that improves when the hand is biomechanically, motorically, and perceptually prepared to hold utensils and create written forms. Benbow (1990) developed a curriculum that teaches children the basic movements of letter formation by practicing letters grouped according to shape. Visual and kinesthetic cues are used to reinforce the child's perceptions of those movements. Olsen (1999) also has written a handwriting curriculum that uses a developmental approach, grouping the letters by difficulty and teaching a handwriting style that uses simple, vertical lines.
Other authors (e.g., Amundson, 2001; Chu, 1997 ) have recommended using a combination of approaches based on the students' individual problems. Sensory integrative interventions often emphasize tactile and vestibular input and are believed to help children increase their ability to attend and focus. These approaches also seem to benefit students with poor motor planning (Cermak, 1991) . Emphasis on the neuromotor and biomechanical aspects of handwriting can benefit children with low muscle tone, postural instability, and weakness (Amundson, 2001) . If handwriting interventions have limited effects on improving legibility, then compensatory methods may be of greater benefit to students and a more effective use of public school resources.
In recent years, students with illegible handwriting can perform a majority of their written work on a computer or word processor. Work sheets can be scanned into the computer and completed with a keyboard. Light-weight word processors can be transported and set up easily in the classroom, removing many of the barriers to using a computer for classroom written work.
Although theories and strategies to remediate handwriting problems have proliferated in recent years, empirically based evidence documenting handwriting intervention effectiveness is minimal. Published studies on handwriting efficacy use single-subject design (Lockhart & Law, 1994) or do not directly measure handwriting as the dependent variable (Oliver, 1990) . Efficacy studies of school-based occupational therapy have focused on the development of hand skills (Case-Smith et al., 1998; Davies & Gavin, 1994) rather than on handwriting performance. Student outcomes in handwriting when occupational therapy services are provided need further study.
Research Questions
The purpose of this study was to examine the effects of school-based occupational therapy on children's handwriting and associated school functions. The following research questions guided the investigation: 1. Compared with a control group of students with poor handwriting who do not receive occupational therapy, will students with poor handwriting who receive occupational therapy services make greater improvements in visual-motor skill, visual-perception skill, dexterity, inhand manipulation skills, legibility, and handwriting speed? 2. Will students with poor handwriting who receive occupational therapy services demonstrate statistically significant improvement over the course of the school year in school functions associated with visual-motor and manipulative skills?
Method

Sample
The students were recruited by occupational therapists from five school districts in central Ohio and southern Illinois. To identify students for the comparison group, teachers were asked to identify those with poor handwriting. Poor handwriting was defined as problems in letter formation, alignment, consistency of size, and spacing. Previous studies have successfully used teacher identifica-tion of handwriting problems to form good and poor handwriting groups (Cornhill & Case-Smith, 1996; Tseng & Murray, 1994) . Each identified student's file was reviewed to determine whether the presence of medical or education problems would exclude his or her participation in the study. Parents signed informed consent forms and were asked to identify significant medical history and prescribed medications. Forty-four second-, third-, and fourth-grade students (31 with occupational therapy intervention, 13 without) were recruited and consented to participate in the study. None had diagnosed medical conditions or vision or hearing problems. In addition to parent consent, the inclusion criteria for the intervention sample were: (a) received special education and occupational therapy services, (b) had poor handwriting as judged by their teachers and had handwriting goals on their individualized education programs (IEPs), and (c) demonstrated cognitive function within normal limits as documented in the school files. The students in the comparison group had poor handwriting as judged by their teachers but did not receive occupational therapy services. Students in the comparison group also demonstrated cognitive function within normal limits as documented in their school files or as reported by the teacher. Visual-motor, fine motor, and handwriting performance of the comparison group was anticipated to be slightly higher than that for the group receiving occupational therapy services.
Instruments
The assessments administered follow a model of evaluation used in previous research (Case-Smith et al., 1998) . In this model, three levels of performance are evaluated: (a) performance components with hypothesized association to a targeted skill, (b) the targeted skill (handwriting), and (c) related school functions.
Performance components. Three subtests of the Developmental Test of Visual Perception (DTVP; Hammill, Pearson, & Voress, 1993) were administered to measure position in space, figure ground perception, and copying. The subtests were selected because the skills that they measure have purported relationships to handwriting. In the position in space subtest, the student is asked to match a figure to one from a series of similar figures, only one of which is identical. In the figure ground subtest, the student is asked to find figures that are hidden in a complex, confusing background. The copying subtest measures visual-motor integration as children are first shown a simple figure and asked to draw it on a piece of paper. The test figures become increasingly complex with subsequent figures. Norms for the DVPT were developed using a sample of 1,972 children 4 to 10 years of age. During test development, a series of reliability and validity studies was completed. Test-retest reliability for the DTVP (n = 88) ranged from r = .71 to r = .86 and was r = .96 for the total score. Interrater reliability (n = 88) was r = .98 for the total test (Hammill et al., 1993) .
The Bruininks-Oseretsky Test of Motor Proficiency (BOTMP; Bruininks, 1978) tests motor functioning of children from 4.5 to 14.5 years of age. Two of the subtests for fine motor skill were administered in this study and selected because they appear to relate to handwriting and manipulation. The visual-motor control subtest measures the ability to coordinate precise hand and visual movements. The upper-limb speed and dexterity subtest measures hand and finger dexterity and speed of arm and hand movement. The BOTMP was standardized with a sample of 765 children (about 70 in each age group) (Bruininks, 1978) . Reliability and validity studies are reported in the test manual; the fine motor composite test--retest reliability was moderate to high (r = .77 and .88), and interrater reliability was excellent (r = .98 and .90). Standard scores for the visual-motor control and upper-limb speed and dexterity subtests were used in this study.
In-hand manipulation components-translation and rotation-were measured using the materials of the ninehole peg test. Speed and accuracy were measured using the administration and scoring procedures reported in earlier studies (Case-Smith, 1995 , 1996 . With the student seated at a small table, the peg-board was positioned at midline, and the child was instructed to use one hand only. In the rotation test, the participant prehended a 1-in. peg from the peg-board, rotated it 180°in his or her fingertips, and returned it to its peghole. The task consisted of each hand individually rotating five pegs. The task was repeated once with each hand, producing two time scores. The number of drops and times the peg was stabilized on another surface were recorded. Using the means of these scores, a composite score based on the time (in sec) and the number of drops and stabilizations was computed. In the translation test, the student individually prehended two, three, four, and then five pegs, moving them into the palm and then back into the fingertips to return to the peg-board. The seconds required to complete each trial were recorded, and a mean for the four trials was computed. In addition, the number of drops and stabilizations for each trial was recorded, and a mean of the four trials was computed. A composite score for the mean time and mean number of drops and stabilizations was used in the data analysis.
Targeted skill-handwriting speed and legibility.
Handwriting speed and legibility were measured with the Evaluation Tool of Children's Handwriting (ETCH; Amundson, 1995) . The manuscript version of the test was administered to students who had not completed cursive instruction in their classrooms (all second-grade and most third-grade students), and the cursive version was used with those who had (some third-grade and all fourth-grade students). Of the students who received occupational therapy services, 23 were tested with the manuscript version and 6 with the cursive. Of the comparison group, 6 were tested with the manuscript version and 3 with the cursive. All subtests of the ETCH were administered: lowercase and uppercase letters, numerals, near-point and far-point copying of letters and words, dictation, and composition. Handwriting speed was recorded according to the ETCH standard instructions, and a mean speed score was computed. A total legibility score (mean percentage of all legible letters) was computed. All tests were scored by the author, and half were double scored by another occupational therapist. All scoring discrepancies were discussed until consensus regarding the most accurate score was reached.
Fair to good reliability has been demonstrated for the ETCH. Diekema, Deitz, and Amundson (1998) examined the interrater reliability of three raters who scored booklets for 59 children. Interrater reliability for total letters and numbers ranged from ICC = .82 to ICC = .84. For total letter legibility, test-retest reliability was r = .77, and for total numeral legibility, it was r = .63 (Diekema et al., 1998) .
Related school functions-School Function Assessment
(SFA). Two sections of the SFA (Coster, Deeney, Haltiwanger, & Haley, 1998) were completed by the students' occupational therapists and teachers for the intervention group. The purpose of the SFA is to evaluate a student's participation in school-related activities. This instrument was selected to include an ecologic view of the student's role and ability to function at school in tasks that require manipulation skills.
After test construction, the SFA was field tested on 266 students. After a revision, it was standardized with a sample of 363 students with disabilities from 40 states plus Puerto Rico. The internal consistency of the separate scales is strong (Cronbach's alpha = .92-.98). Test-retest reliability (n = 29) ranged from r = .80 to r = .98. The activity performance sections completed were those that appeared to relate to manipulation and handwriting skills-Using Materials and Written Work. The SFA criterion scores estimate the student's ability relative to the difficulty of the items.
Procedure
The author and four occupational therapists completed the testing. The 12 occupational therapists who provided the intervention participated in two training sessions on administrating and scoring the tests and on recording the intervention data. The author tested 36 of 44 students. The standardized instructions and procedures were used, without exception.
The students were evaluated during the school day in a testing room or conference room outside their classrooms. The observational tests were completed in single one-onone sessions (approximately 1 hr). For the students receiving services, their teachers and occupational therapists collaborated to complete the SFA subsections. All measures were completed at the beginning (September-October) and end (April-May) of the 1998-1999 and the 1999-2000 school years.
Intervention
Intervention was provided by 12 occupational therapists in the five districts. Mean number of years of therapists' experience was 15.4, and mean number of years in the school system was 13.2. All students in the intervention group received direct, regular (defined as approximately 30 min/week on the IEP) occupational therapy services in their schools. Each therapist kept a record of each session with the student. This record included the duration (in min), format (group vs. individual), and provision of consultation and parent contact (within the week of the intervention session). The types of activities provided and goals addressed also were recorded, using a check-off format. The frequency of sessions, goals, activities, and service delivery models were summed for the 7-month intervention period. A mean time for each session and a summed time for all sessions were computed. Follow-up interviews of the therapists regarding their interventions were completed after the posttests were scored to assist in interpreting the results.
Data Analysis
For the standardized tests (DTVP, BOTMP, SFA), scaled or criterion scores were used in the analysis. The ETCH yields percentages of legible letters and numbers and speed in letters and numbers per minute. Using the Statistical Package for the Social Sciences version 10 (SPSS, 2001), frequencies, means, and standard deviations were computed and examined for all tests. To determine the level of change made by the students in the intervention group, t tests and effect sizes comparing pretest and posttest scores were computed (Cohen, 1988) . To compare the occupational therapy and comparison groups, two-way analyses of variance (ANOVAs) using time as a repeated factor and group as a between factor were completed. These analyses compared the differences between the pretests and posttests, the differences between the two groups, and the interaction between pretest and posttest scores and group membership.
Results
Of the original sample of 44 children, 38 (29 in the intervention group, 9 in the comparison group) completed beginning-and end-of-year testing. Two students in the intervention group were eliminated because they developed major neurological problems. In addition, 4 students in the comparison group did not complete end-of-year testing: 1 was expelled from school; 2 were referred for occupational therapy services; and 1 was not available for end-of-year testing (see Table 1 ).
Occupational Therapy Intervention
For 25 students, information regarding the occupational therapy intervention sessions over the course of the academic year was recorded through a standardized form. (Data on intervention for 4 students were lost.) The mean duration of the sessions was 32.2 min (SD = 5.61, range = 25-49 min). The mean number of sessions was 16.4 (SD = 3.56, range = 10-25) or slightly more than twice per month. The average total time for direct occupational therapy services delivered to each student was 528 min (SD = 155.3, range = 312-836) or almost 9 hr. This number estimates time spent in one-on-one (95%) or small group (5%) activities with the student and does not reflect time in meetings with teachers or parents to discuss a student's program.
Approximately 29% of the total 16.4 sessions of direct, hands-on services included consultation with other professionals, and 14% included contact with parents or home programs. For 23 of the 25 students with recorded intervention data, specific consultation with teachers was reported.
Handwriting practice or activities designed specifically to improve handwriting were implemented in 77% of the sessions. In both their intervention records and their interviews, the therapists reported using eclectic approaches, combining ideas from the various published curricula and programs. They reported emphasizing the particular skill areas that seemed to constrain or limit the student's progress in handwriting; that is, each therapist individualized the intervention emphasis according to the student's needs.
Comparison of Performance Components
Pretest and posttest comparisons were made for the in-hand manipulation test, the DTVP, and the BOTMP. Means for scaled or timed scores of these tests are presented by group in Table 2 . To estimate effect sizes for change over the course of the academic year, standard scaled scores were analyzed using paired t tests (see Table 3 ). The students made significant changes in in-hand manipulation, visual-motor control, and position in space perception. The two-way ANOVA revealed that the students in the intervention group improved more in in-hand manipulation and visual-motor control than those in the comparison group (see Table 4 ). Progress in the other performance components was no greater for the participants who received occupational therapy services than for those who did not receive services. (Interaction effects for time and group were not significant.)
Pretest and Posttest Comparisons of Handwriting and School Functions
Students' beginning-and end-of-the-year scores on the ETCH and SFA were compared using paired t tests. Means and standard deviations are presented in Table 5 , and statistical comparisons are presented in Table 6 .
The two-way ANOVA (see Table 4 ) indicated that the intervention group improved more than the comparison group in total percentage of legible letters (p = .054). Although not significant, handwriting speed increased slightly in the students who received occupational therapy but increased more in the students who did not receive occupational therapy.
Discussion
Description of Sample and Intervention
This sample of children with poor handwriting primarily had diagnosed learning disabilities and seemed to exemplify students who often receive occupational therapy services with emphasis on handwriting (Sandler et al., 1992; Weintraub & Graham, 2000) . The boy-to-girl ratio reflects the gender prevalence in handwriting concerns observed by other researchers and reported in the literature (Sandler et al. Tseng & Murray, 1994) . Ethnic representation was limited but reflected the region of the study. In the group receiving occupational therapy, handwriting activities were implemented in 77% of the sessions, and visual-motor activities were implemented in 72% of the sessions, suggesting that the therapists scaffolded handwriting skills on underlying visual-motor skills (Chu, 1997) . Although visual-motor skill activities were used with almost every student, as reported in the therapists' interviews, sensory integration approaches were used primarily when children demonstrated specific problems in sensory integration or motor planning (in one third of the sessions).
The therapists reported using specific handwriting activities to remediate individual student problems; for example, they used vibration or resisted writing to increase proprioceptive input and writing on the chalk board or a vertical surface to improve arm strength and stability. Behavioral and motor learning techniques, such as shaping, stimulus fading, modeling, verbalized description of letter formation, and self-monitoring, also were reported. Developmental and behavioral approaches were aimed at specific letter formation, alignment, sizing, or spacing issues.
The intervention appeared representative of schoolbased intervention in that a variety of techniques and activities were used (Case-Smith, 1996; Chu, 1997; Malloy-Miller, Polatajko, Anstett, 1995) . Frequent communication with teachers suggests that the therapists worked to establish carryover of their program and to integrate recommended activities into classroom activities. Each therapist described her communication with teachers as a critical element of the intervention.
Progress in Performance Components
By using norm-referenced scaled scores, the before and after BOTMP and DTVP measures were adjusted for the student's maturation. Therefore, stable rather than increased scores were expected over the course of the year, and any improvement in scores should be considered an effect of intervention or of variables other than maturation. With this in mind, the students in the intervention group made significant improvements in BOTMP visual-motor control and in DTVP position in space. They also made significant gains in in-hand manipulation, although the raw time scores used were not adjusted for maturation. The students in the intervention group improved more in in-hand manipulation than those in the comparison group. In a previous study, preschool children who received occupational therapy services also improved more in in-hand manipulation and position in space when compared with a group of children who did not receive services (Case-Smith et al., 1998) , suggesting that these skills may consistently increase with occupational therapy intervention. Most of the therapists reported that manipulation of small objects was regularly practiced in their intervention sessions. Through its association with dynamic grasping patterns and the isolated finger movements used to form small letters, in-hand manipulation is believed to contribute to handwriting legibility (Cornhill & Case-Smith, 1996) . The children gained more than 5 sec in their composite time scores, which suggests improved efficiency in isolated finger movements and may be a clinically significant increase in skill.
The students who received occupational therapy made gains similar to the comparison group in the other visual-
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January/February 2002, Volume 56, Number 1 motor and visual-perceptual subtests. Students with delays often lose ground over time when standard scores are used or when compared with higher-level students. With this expectation, the students' maintained or improved performance on visual-motor, visual-perceptual, and manipulation tests is a positive finding.
Progress in Handwriting and Related School Functions
The students in the intervention group made significant gains in handwriting legibility and significantly more progress in total letter legibility than those in the comparison group. All 29 students in the intervention group initially had less than 85% legible letters (pretest mean = 75.8% legibility). At the end of the school year, 15 had more than 90% legible letters, and only 5 continued to have less than 85% legibility. For the 15 with more than 90% legibility, functional handwriting was achieved; for those with less than 85% legibility, computer word processing may be the best emphasis of intervention for written expression goals. Although not all students receiving services achieved optimal progress, on average they improved 14.2% total legibility (effect size = 1.99), whereas students not receiving services remained unchanged over the course of the year. Improvements may reflect the occupational therapists' emphasis on handwriting. The therapists in this study reported that they were the primary professionals specifically addressing the students' IEP goals in handwriting; however, they also reported high levels of collaboration with teachers. Data were not collected regarding teachers' supportive activities of students' handwriting; therefore, the frequency of carryover and teachers' emphasis on handwriting are unknown variables.
Handwriting speed in the students in the intervention group increased from 32 to 37 letters per minute. This change was not significant (effect size was moderate), and speed increases were smaller for the students receiving occupational therapy services than for the students not receiving services. A number of students in the intervention group completed the handwriting items as if they had been instructed to concentrate and write carefully. These students seemed to recognize that if they wrote slowly and carefully, the product was more legible. Although they mentioned specific activities to improve letter formation, alignment, and spacing, therapists did not report an emphasis on handwriting speed. They did report that practice helped the students become more automatic in writing. If students' writing became more automatic, it was not reflected in the speed score. Other studies have found that children in these age ranges, 7 to 10 years, write between 35 and 73 letters per minute (Ziviani & Watson-Will, 1998) , suggesting that the students in the present study remained relatively slow in handwriting. In summary, increased handwriting speed was not an effect of intervention. Because speed did not relate to legibility, students who demonstrated good legibility at the end of the year may or may not have been among the fast handwriters.
The SFA indicated whether the students functioned better in school activities that involved written communication and manipulating materials. Criterion scores on the SFA written work scale increased by 12 points, and the effect size of this increase was substantial (d = 1.29). The students did not improve in using materials.
Limitations
Sample size and use of one geographic region limit the generalizability of this study. Use of a descriptive outcomes design also limits the interpretation of why the intervention was effective. Although detailed data were collected regarding the occupational therapy intervention, information about the child's academic program and other services was not collected. Preevaluations and postevaluations were completed by myself or the collaborating therapists who were not blind to the group status of the student. The imbalance of group sizes creates problems in statistical comparisons, although the statistical analyses (t tests) were adjusted for unequal sample sizes.
Conclusion
Students who received occupational therapy services improved in overall letter legibility but did not improve in numeral legibility or handwriting speed. The students increased an average of 14% in letter legibility, and 15 of 29 students who had poor legibility at the beginning of the year (< 85% total letter legibility) demonstrated good legibility at the end of the school year (> 90% total letter legibility). The performance components associated with handwriting slightly increased when norm-referenced scores were used. Occupational therapy intervention included teacher consultation and eclectic approaches that were individualized to the problems that seemed to constrain the student's handwriting performance. With these positive results, clinical trials of specific handwriting interventions is a next step in clarifying which approaches result in optimal outcomes. L 
